Background-Crohn's disease is a heterogeneous disorder with both a genetic and environmental aetiology. Clinical classifications of the disease, such as the newly proposed Vienna classification, may help to define subgroups of patients suitable for studying the influence of specific genetic or environmental factors. Aim-To assess the stability over the course of the disease of its location and behaviour, as determined according to the Vienna classification.
Conclusions-Location of Crohn's disease, as defined by the Vienna classification, is a relatively stable phenotype which seems suitable for phenotypegenotype analyses. Behaviour of Crohn's disease according to the Vienna classification varies dramatically over the course of the disease and cannot be used in phenotype-genotype analyses. The potential influence of genes on the behaviour of Crohn's disease should be studied in subgroups of patients defined by their disease behaviour after a fixed duration of disease. Crohn's disease is a multifactorial polygenic disease with probable genetic heterogeneity. 1 In this hypothesis, diVerent genetic backgrounds may explain diVerent clinical patterns of the disease. 2 Thus apart from specific disease predisposing genes, such as the recently described Nod 2, 3 4 some disease modifying genes may also exist. Various disease phenotypes that may be genetically determined have been suggested. 5 These include age at diagnosis, sex, family history, location of disease, response to treatment, and what has been called behaviour of disease. To date few data, largely uncorroborated, have been published on the genetics of these phenotypes. [6] [7] [8] [9] This may be due to the complexity of the genetic model and to the large number of possible candidate genes for the various characteristics of the disease as well as interference from environmental influences. However, the main problem with these studies may be the irrelevance of the phenotypes studied. To be considered possibly genetically determined, a phenotype should be stable over time. Obviously this is the case for age at diagnosis and sex, but for the other characteristics, in particular location and behaviour of disease, stability of the phenotypes remains to be proved.
Behaviour of disease first referred to the indication for surgery: either perforating or non-perforating disease. 10 These definitions were extended to non-surgical situations and behaviour was then termed as: primarily penetrating, primarily fibrostenotic, or primarily inflammatory, depending on the dominating feature at a given point in time. 11 However, penetrating and fibrostenotic features often coexist and this classification proved to be difficult to reproduce. 12 A new classification based on disease behaviour was then proposed at the 1998 world gastroenterology meeting in Vienna. 13 In this classification system, a hierarchy was introduced for stricturing and penetrating complications to try and improve reproducibility. Some arguments exist for a fixed disease behaviour in individual patients, including indications for surgery 10 14-16 and relative conservation of disease behaviour in multiply aVected families. [17] [18] [19] However, the stability of disease behaviour over the course of the disease has never been studied specifically using a standardised classification.
Location of disease is another characteristic that could be genetically determined, at least in part. In common with disease behaviour, some conservation of this character has been described in multiply aVected families. [17] [18] [19] Furthermore, specific disease locations have been linked to serological or genetic markers such as antineutrophil antibodies. 20 21 Again, the Vienna classification system has proposed some modifications in an attempt to produce more relevant and stable categories. 13 Furthermore, as it was considered that intestinal resection would significantly interfere with the spontaneous location of the disease, characterisation of disease location was decided before the first surgical procedure. As for disease behaviour, it remains unclear whether these newly defined phenotypes represent stable phenotypes suitable for genotype-phenotype association studies.
Therefore, the aim of our work was to assess the evolution over time of behaviour and location of Crohn's disease, as defined by the Vienna classification. In particular, we wished to examine stable characters that may be relevant for genetic studies.
Patients and methods

CLASSIFICATION OF PATIENTS
From a computed database of 500 patients with Crohn's disease seen at our university hospital, we selected 297 patients who were regularly followed up in our gastroenterology department. We then reviewed the medical notes of these 297 patients. For each patient, we determined current A (age at diagnosis), L (location), and B (behaviour) status of the Vienna classification 13 (table 1) . We then retrospectively determined LB status at diagnosis, and after 1, 3, 5, 10, 15, 20, and 25 years of evolution.
According to the Vienna classification, patients were defined as A1 if the diagnosis was made before 40 years of age and A2 if it was made thereafter. L1 corresponds to disease located in the terminal ileum (possibly involving the caecum), L2 in the colon, L3 ileocolon, and L4 involving the upper gastrointestinal tract (irrespective of the other locations of the disease). Location of disease is defined by the maximal extent of the disease but in case of surgical resection during the course of the disease, it is determined before the first resection. B1 corresponds to a non-stricturing nonpenetrating disease, B2 stricturing, and B3 penetrating. A disease is classified as B3 as soon as there are intra-abdominal or perianal fistula, perianal ulcer, inflammatory mass, and/or abscess at any time during the course of the disease, even if there are coexisting strictures. According to this classification, unlike that for location, the behaviour category of the disease was not decided after the first surgery and no specific limit during the course of the disease was imposed to define it. We also classified patients for behaviour and location depending on age classification and for behaviour depending on location.
Age at diagnosis was usually easy to find in the medical notes of the patients. For location of disease, we used x ray and endoscopy protocols as well as surgical reports. For disease behaviour, we used x ray, computed tomography scan, magnetic resonance imaging, ultrasound, and endoscopy protocols as well as proctology and surgical reports. When data were missing or unclear, the item was unclassified until more recent data were available.
EXPRESSION OF RESULTS AND STATISTICS
In the description of our population according to the Vienna classification criteria at the last visit, the proportion of patients in the various categories as well as the percentage of unclassified patients are given. In all other results the percentage of unclassified patients are no longer given and the proportions are calculated on the number of classified patients to avoid the influence of the number of unclassified patients on the percentages observed in the various categories. There were few data missing at the diVerent time points, never exceeding 3% of patients.
To check for a statistically significant trend in disease behaviour or change in location, we tested the hypothesis of a proportion of change diVerent from 0 between diagnosis and 10 years of evolution in a subgroup of 125 patients with a follow up of at least 10 years. The proportion was considered statistically significant when the ratio between the observed proportion and standard error was greater than 1.96 (p<0.05).
In the description of disease behaviour and change in location over 10 years in the 125 patients, duration before change is given as median (range).
When we studied the influence of age at diagnosis on behaviour and location of disease, as well as the influence of location on behaviour of disease, we compared percentages of patients in the various categories using Fisher's exact test with a level of significance set at p<0.05. 
Results
ABL CLASSIFICATIONS AT THE LAST VISIT
We had recent clinical data (within the last two years) for 264 of the 297 patients studied.
Median follow up at the last visit for these patients was 9 years (2 months-34 years). Examining exclusively the change from B2 to B3, fewer diVerences were observed. Overall, 91 patients were classified as B2 at some time point in their evolution: 33 were classified as B2 at diagnosis and 58 were classified as B1 and became B2 over time. Among these patients the majority (78%) remained B2 (median follow up 6.5 years (range 1-32)). In particular, in patients who were classified as B2 at diagnosis, 88% remained as B2 (median follow up 7 years (1-30) ). Among these 125 patients, we had complete data on behaviour and location at all time points for 109 patients. Evolution of B and L classifications over 10 years for these 109 patients is shown in figs 1 and 2. The proportion of patients changing from B1 to B2 was 27.1%, with a median duration before change of 5.5 years (4 months-10 years). The proportion of change from B1 to B3 was 29.4%, with a median duration before change of 6 years (1-10). The proportion of initially B2 patients changing from B2 to B3 was 15.4% (only 2/13 patients, after 3.5 and 4.5 years). Overall, after 10 years of evolution, 45.9% of patients had a change in behaviour and this proportion was already significant after one year (3.7%; p=0.04). Examining diVerent types of changes in disease behaviour, the only significant change, even after 10 years, was that from B2 to B3 (p=0.15).
Figure 2 Evolution of disease location according to the Vienna classification system over 10 years in 125 patients with Crohn's disease. The proportion of patients with ileal (L1), colonic (L2), ileocolonic (L3), and upper gastrointestinal (L4) disease are shown at diagnosis, and after five and 10 years of evolution. The proportions of patients with a change in disease location was statistically significant over 10 years (p<0.001). This proportion became significantly diVerent from zero after five years (p=0.01).
The proportion of patients with a change in disease location from L1 to another location was 20.3% (83.3% to L3), with a median duration before change of 5.5 years (2.3-10). The proportion of patients initially L2 changing to L3 or L4 was 16.7% (100% to L3), with a median duration before change of 7.5 years (1-10). The proportion of patients initially L3 changing to L4 was 4.8% (1/21; change after 8.3 years). Overall, after 10 years of evolution, 15.9% had a change in location and this proportion became significant only after five years (7.9%; p=0.01).
BL CLASSIFICATION ACCORDING TO A
A total of 248 (83.5%) patients were diagnosed with Crohn's disease before 40 years of age (A1) and 49 (16.5%) after this age (A2). The BL classification at diagnosis for these patients is shown in table 3. There was no significant diVerence between A1 and A2 patients. In both subgroups (A1 and A2), as in the overall population, there was a decreased proportion of patients classified as B1 and an increased proportion of B2 and B3 classifications over time, while location of disease remained more stable. The subgroup of A2 patients was too small however (only 10 patients with at least 10 years of follow up) to perform any comparison.
B CLASSIFICATION ACCORDING TO L B classification according to L at diagnosis and after 10 years of evolution is shown in table 4. At diagnosis, there was significantly more penetrating and less stricturing disease in pure colonic (L2) than in pure ileal (L1) locations. This was even more prominent after 10 years of evolution.
Discussion
Using the new Vienna classification of Crohn's disease in this retrospective study, we have shown striking changes in disease behaviour over the course of the disease while disease location remained relatively stable. This changing disease behaviour was significantly influenced by the location of the disease but not by age at diagnosis.
As it becomes clear that Crohn's disease represents a heterogeneous entity, 2 it is of paramount importance to disclose stable and reproducible phenotypes in order to study their genetic or environmental basis. Location and behaviour of Crohn's disease are important features of the disease but their stability over the course of the disease had not been demonstrated.
We found good stability of disease location, defined according to the Vienna classification. Although the trend toward a changing pattern was statistically significant after five years of evolution, overall (over 10 years) about 85% of patients did not show a change. This relative stability has previously been suggested, even using slightly diVerent definitions of disease location, 5 although some changes may also be observed. 22 During its course a disease can extend or regress within the same region and this will not change its classification according to the Vienna system. It can also regress or extend to another region. According to our results this does not seem to occur frequently. The main change we observed was from ileal (L1) or colonic (L2) to ileocolonic disease (L3). Over 10 years however it involved less than one fifth of patients with pure ileal or pure colonic disease at diagnosis. The frequency of upper gastrointestinal lesions was rare at diagnosis and few patients seemed to develop these over the course of the disease. This relative stability may be due to the retrospective character of the study and the absence of a systematic search for extension. However, in our population, median duration since the last exploration (by x ray or endoscopy) of disease extent was 2.5 years suggesting that the results analysed over 10 or 25 years were probably realistic. These data indicated that disease location, according to the Vienna classification, may be determined by some stable environmental or genetic influences and that it probably represents a relevant characteristic in phenotypegenotype studies.
In contrast, we found dramatic changes in behaviour over the course of the disease. This is the first time that this changing pattern has been clearly demonstrated, despite the fact that we used a classification system considered to have good interobserver reproducibility. 13 This changing pattern over time was suggested previously in the initial publication of the Vienna classification as diVerence in behaviour proportions were described in populations with diVerent durations of follow up. 13 In our population, while the majority of patients had uncomplicated non-stricturing nonpenetrating disease (B1) at diagnosis, very few had uncomplicated disease after 25 years of follow up. Furthermore, the rate of change from B1 to either the stricturing (B2) or penetrating (B3) phenotype remained stable over 25 years and did not seem to decrease over time, with approximately 25-33% of B1 patients changing to B2 or B3 every five years. This suggests that in our population, if followed for long enough, virtually all patients with Crohn's disease would develop either stricturing or penetrating disease. This however may reflect a particular severity of our Crohn's disease patients in an academic referral centre. Our data did not allow us to establish a duration of the disease after which it would be unlikely for disease behaviour to change. However, when considering stricturing disease, it is striking that the majority of patients develop this pattern within 10 years and that only a minority progress to a penetrating disease. The development of a stricturing or penetrating behaviour probably represents a multifactorial phenomenon involving both environmental (including disease treatment) and genetic factors. Therefore, genetic factors may be more important in the speed at which a penetrating or stricturing behaviour develops than in the ultimate behaviour of the disease. Indeed, one could imagine that certain aspects of connective tissue metabolism are genetically determined and may influence the occurrence of stricturing or penetrating complications. 23 We did not find any significant diVerence in disease behaviour or location in relation to age at diagnosis. In the first paper on the Vienna classification, a diVerence in disease location but not behaviour was found. 13 This discrepancy regarding disease location may be due to the fact that we had a relatively small number of patients with a diagnosis later than 40 years of age (A2), rendering statistical analysis on this subgroup diYcult. Our data also showed that the change in disease behaviour over time and relative stability of disease location were found both in A1 and A2 patients, suggesting that this changing pattern of Crohn's disease behaviour was not linked to age at diagnosis.
The final point we studied was the association between disease location and behaviour as well as the influence of disease location on disease behaviour evolution. A positive association between location and behaviour was found previously in the original description of the Vienna classification. 13 As in this previous work we found an association between isolated small bowel location (L1) and stricturing disease (B2), and between colonic disease (L2) and penetrating behaviour (B3). This association was present at diagnosis and was quantitatively more prominent after 10 years. In contrast with the first paper however, in our population ileocolonic disease (L3) was also more often penetrating (B3) than stricturing (B2). This was only true after 10 years of evolution and not at diagnosis. Thus this diVerence from the previous study may be linked to variable duration of disease at the time of classification. The association between stricturing disease and small bowel location was previously described using diVerent classifications. 24 Apart from these previously described associations, our data also showed that changes in disease behaviour over time were noted in the various locations of the disease.
In conclusion, we have demonstrated dramatic and sustained changes in Crohn's disease behaviour over time while disease location remained more stable. Hence if location of disease, as defined by the Vienna classification, can be used in genotype-phenotype analyses, this is not the case for behaviour of the disease. Nevertheless, the rate of appearance of stricturing or penetrating complications of the disease may still be genetically determined. Therefore, for genotype-behavioural phenotype analyses, patients should be classified either after a fixed duration of disease or in categories according to the rate of appearance of stricturing or penetrating complication.
